The closely eluting compounds of taxol, cephalomannine and N-debenzoyl-N-phenylacetyl taxol, were successfully removed from a sample of Taxus yunnanis by γ-Al 2 O 3 solid-phase extraction. A sensitive, selective, rapid and accurate C 18 HPLC method for taxol determination was established.
Introduction
Paclitaxel (taxol) is currently an important anticancer drug, originally discovered in 1971 from the bark of Taxus brevifolia (Wani et al., 1971) . One important and interesting property of taxol is its novel mechanism of action, polymerizing and stabilizing microtubules. This is in contrast to the mechanism of other phytochemical mitotic blocks, such as the vinca alkaloids, that destabilize microtubules (Rowinsky et al., 1990) .
The HPLC method for determination of taxol in extracts from the intact plants and in vitro cell cultures was extensively documented and widely used (Witherup et al., 1989; Kopycki et al., 1994) . However, these methods focused on the separation of taxol from the closely eluting analogs cephalomannine, baccatin and 7-epi-10-deacetyl taxol, and required many pre-treatment processes, such as liquid-liquid extraction, which was not very selective and often required hazardous solvents. Solid-phase extraction (SPE), a more subtle and selective method appearing only over a decade ago, has developed into a powerful science of its own and made the determination and preparation stage faster, easier, and more automatable. SPE can clean up the sample while concentrating it. The plant extracts treated with C 18 SPE was reportedly able to be analyzed directly by HPLC (Mattina and MacEachern, 1994) . In this paper, an improved method involving a simplified ␥-Al 2 O 3 solidphase extraction for analysis of crude taxanes sample using HPLC systems is reported.
Materials and method

Sample preparation
The mixture of bark and leaves of Taxus yunnanis were extracted with methanol at ambient temperature for 2 days. The resulting solution was filtered through 2 filter papers, and the methanol solution was evaporated to dryness on a rotary evaporator at 40-50°C. The residue was redissolved in methanol or chloroform for the subsequent separation-step.
SPE extraction SPE columns were made in-house. 1.5 g high-capacity silica gel, C 18 -gel and ␥-Al 2 O 3 were packed in separate 15 mm ϫ 80 mm columns. The activation of C 18 -gel SPE column was carried out using 10 ml distilled-deionized water. The eluents for the method in their order of usage are 10 ml distilled-deionized water, 10 ml methanol / water (1:1, v/v), and 5 ml methanol / water (3:1, v/v). Taxol was selectively eluted in the methanol / water (3:1, v/v) fraction. The activation of silica gel and ␥-Al 2 O 3 SPE columns were carried out using 10 ml chloroform, and sample loading and post-sample washing using 10 ml chloroform / methanol (98:2, v/v). Final elution was with 5 ml chloroform / methanol (95:5, v/v). Eluents were dried down and resuspended in 0.5 ml methanol for HPLC analysis.
HPLC analysis
Taxol was differentiated by HPLC using a C 18 column (4.5 mm ϫ 250 mm). The detector wavelength used was 227 nm. The taxol samples were filtered through 0.2 m PVDF filters. The mobile phase for isocratic elution consisted of a mixture of methanol / acetonitrile / water (25:35:40, by vol.). The flow rate was 1.4 ml/min. The retention time of taxol is 32 min. Taxol was quantitated by comparing the average peak response of the sample to that of the standard (Sigma). It was showed that there is a linear relationship (r ϭ 0.9996) between both peak area and peak height and the amount of taxol over the rang of 0.04-0.96 mg/ml.
Results and discussion
Separation of taxol from crude extract of taxus in reversed phase HPLC is especially useful for those interested in analytical studies. However, it is reported that a common HPLC method, usually equipping a C 8 or C 18 column and pre-treating with liquid-liquid extraction, fail to completely separate taxol from cephalomannine, N-debenzoyl-N-phenylacetyl taxol and 7-epi-taxol which have extremely similar structures to taxol (Fig. 1) (Wu et al., 1995) . Fig. 2 shows the chromatographic profile separated by a common C 18 column with sample pretreated by chloroform / water (1:1, v/v) liquid-liquid extraction. There are two co-eluting peaks occurring before (peak 1) and after (peak 3) taxol peak (peak 2). It was very difficult to achieve nearbaseline resolution among these three peaks. Data from the literature indicated that peak 1 was cephalomannine (Wu and Zhu, 1997) . Seldom did the literature mention peak 3, which was deduced to be 7-epi-taxol or N-debenzoyl-N- 
